Encapsulation of three forms of lactoferrin (Lf) (apo-, native-and holo-) was undertaken using the 2 novel impinging aerosol technique (Progel). The micro-gel particles were produced from a 2% 
Introduction

19
The possibility of supplementing different food products other than baby formula with lactoferrin
20
(Lf) has generated much attention in recent years because of its ability to exert many health 21 beneficial effects for humans. Antimicrobial, anti-inflammatory, immunomodulatory and anti- the uprising fine mist of calcium chloride inside the device, thus creating gelled particles instantly.
132
The micro-gel particles were collected from the bottom outlet along with the calcium chloride of similar composition were produced using 0.2M CaCl 2 . Control blank gel particles were prepared 142 from 2% alginate alone. The freeze dried micro-gel particles were stored in an air-tight aluminium 143 foil bag in a freezer (-18 C) until future characterization. Sample names are outlined in Table 1 .
144
The product recovery and encapsulation efficiency after freeze drying of the gel micro-particles
145
were calculated from equations 1 and 2, respectively. freshly prepared micro-gel particles were collected after filtration and washed with Millipore water.
165
These washed micro-gel particles were re-suspended in Millipore water prior to particle size 166 measurement. The particle size of freeze dried micro-gel particles after rehydration was also 167 measured using the same method. All measurement were conducted at room temperature (22 ± 2 168 ºC). 
In-vitro digestion of different forms of Lf
170
The protocol for in-vitro digestion of Lf or encapsulated Lf in micro-gel particles was developed 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
205
Once completely dissolved, 1 mL of the digested sample was further diluted with 9 mL of Millipore
206
water to achieve 0.1% Lf content. This diluted mixture was the base sample for SDS-PAGE gel 
SDS-PAGE gel electrophoresis
221
The amount of Lf remaining undigested in the SGF and SIF after the set length of time was 222 determined by gel electrophoresis (SDS-PAGE) using 4 -20% precast polyacrylamide gels under M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
reducing conditions. 100 µL of each sample (0.1% Lf) described in Sections 2.4.or 2.5. was added 224 to 200 µL of SDS-loading buffer (70 mM Tris-Cl, pH 6.8; 26% glycerol; 2.11% SDS and 0.01% 225 bromophenol blue dye). Finally, 5 µL of β-mercaptoethanol was added to each sample.
226
Subsequently it was heated at 95 ºC for 5 minutes. The dilution of Lf samples (0.1% Lf), mixing 227 with loading buffer (1:2) and heating (95 ºC) were carried out continuously with very short time 228 lapse in-between to minimize further digestion by the enzymes pepsin and pancreatin. These 229 samples were kept frozen until loading onto the SDS-PAGE gels.
230
The frozen samples were thawed, vortexed and 5 µL was loaded into the wells of a SDS-PAGE gel.
231
Electrophoresis was conducted at 200 V for 47 minutes in a Mini-PROTEAN tetra cell system.
232
Following this, the SDS-PAGE gel was dipped in a fixative solution (20% acetic acid in 40% The encapsulation of Lf in alginate micro-gel particles using the Progel microencapsulating device the Lf-alginate solution with apo-and holo-Lf, it was observed that the micro-gel particle production 259 was non-homogenous leading to a wide distribution of the particle size. In addition, in some solids content of Lf-alginate mixture, changing the mixing ratio alone was not able to increase the 268 viscosity of the mixtures with apo-and holo-Lf to the required level for improved encapsulation.
269
Increasing the concentration of calcium in the cross-linking solution to 0.2 M improved the micro-270 gel particle formation process for Lf-alginate mixtures containing apo-and holo-Lf however, the Lf 271 entrapment efficiency was affected concomitantly as discussed below. The colors of the gel particles M A N U S C R I P T
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were imparted by the colors of Lf used, and the difference in color of gel particles was very distinct 273 in their freeze-dried powdered form (Fig. 2) .
274
The colors of the freeze-dried powders of the micro-gel particles made using 0. The calcium and protein content of the Lf-alginate micro-gel particles are presented in Table 1 . The particle size of the micro-gel particles encapsulating native-Lf was measured using a Comparative densitiometric analysis of the Lf and encapsulated Lf are presented in Figure 5 . 
Simulated intestinal digestion
378
The in-vitro stability profile of the micro-gel particles through microscopic images is shown in 379 Figure 6 (A, B & C). From these images, it can be seen that the micro-gel particles remained intact 380 throughout the in-vitro digestion in the SGF for 2 h (Fig. 6 B) whereas the particles disintegrated in 381 the SIF (Fig. 6 C) . The presence of phosphate salts and a higher pH (7.5) in the SIF could have led between the 10 -15 kDa range (SDS-PAGE gel profile image not shown).
401
Comparative digestion profiles of pure Lf and encapsulated Lf by densitiometry is given in Figure   402 8. The digestion of all forms of Lf by pancreatin was very rapid and after 10 mins both apo-and 403 native-Lf were completely digested. Holo-Lf was showed some resistance to pancreatin digestion 404 but the amount of holo-Lf remaining after 10 min was very low (< 5%). It has been reported that 
434
Furthermore, peptide fragments were formed by pancreatin and were still present after 1 h of SIF 435 treatment (Fig. 7 B) . Research has shown that the pepsin hydrolysates, especially lactoferricin and Table 1 Calcium and protein content of freeze-dried micro-gel particlesprepared from 2% Lf-alginate mixture (1:1) using three forms of Lf and two concentrations of CaCl 2 solutions. 
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